Gamma-ray astronomy across 6 decades of energy: 
synergy between Fermi, IACTs, and HAWC 
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Gamma-Ray Observatories 
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Gamma-Ray Observatories 
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Gamma-Ray Astrophysics 


Pulsars Wind Nebula Supernova Remnant 


Galactic 


Active Galactic Nuclei Starburst Galaxies Gamma-Ray Burst Indirect Dark Matter 


Extragalactic 
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GeV - TeV Sky Survey 


Ajello et al.ApjS 2017 


Fermi-LAT count map 10 GeV — 2 TeV with >1500 objects in 84 months of data. 
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TeV Sky Survey 


Abeysekara et al.Ap) 2017 


sqrt(TS) 


- HAWC TeV skymap in 17 months of data 
- 39 2HWC sources: 2 blazars, 5 UID off the Galactic plane. 
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Gamma-ray view of our Galaxy 


HESS >1TeV, 10 years 
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Galactic Plane 
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- 30 sources in the Galactic Plane (excluding Crab, Geminga, PSR B0656+14) 


- 16 likely associated with known TeV sources 
- 14 unassociated 
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Talk by R. Lopez-Coto. Mon, 16 Oct 
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Galactic Plane 
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HESS, ICRC 2015 
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Galactic Plane 


- residual of Cygnus region —_ Milagro J2031+41 Power Law 
1 : ——_ Milagro J2031+41 Power Law with Cutoff 
F (cocoon), pass S) data : _ Whipple TeV J2032+4130 Flux at 0.6 TeV (2004) 


HEGRA TeV J2032+4130 (2005) 

Magic TeV J2032+4130 (2008) 

Fermi cocoon spectrum (2011) 

Fermi cocoon spectrum, this study with 8 years data 
ARGO MGRO-YBJ J2031+41 (2012) 

VERITAS TeV J2032+4130 spectrum (2014) 

2HWC J2031+415 spectrum (2017) 
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Galactic Plane 
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NuSTAR 3-20 keV image (BKG-subtracted) 
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= NuSTAR FoV 
7 3rci'j1951.6+2926 


- 60 ksec of NUSTAR 

observations on June 8 2017. 
- i. ai wail , m™ - 3 sources detected: DA 495 is 
i ™ only likely X-ray counterpart to 
TeV source. 
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White contours: HAWC 5, 6,7 standard deviations [qEmmINeennII=]———= i= /==/ii tiie: 
Light pink contours: 1.4 GHz radio 
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Galactic Plane Source Distribution 


- 8FHL distribution peaks at Ibl<2° 
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SL” | Good candidates for follow-up by pointing instruments. 
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Galactic Plane at >50 TeV 


1deg extended map at >50 TeV 


significance fo} 
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HAWC, TeVPA 2017 
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Large-scale structures 
e.g. Fermi Bubbles 


- Large scale, non-uniform structures extending 
above and below the Galactic center. 


- Edges line up with X-ray features. 
- Correlate with microwave excess (WMAP haze) 


¢ Both hadronic and leptonic model fit Fermi LAT 
data. Leptonic model can explain both gamma 
ray and microwave excess. 


X-ray emessions 


Milky Way). ase 
. . “~~ > 


Cc. MICHELLE HUI SYNERGY BETWEEN FERMI, IACTS, AND HAWC 


Large-scale structures 
e.g. Fermi Bubbles 


- Hadronic model: 
- cosmic ray interacting with interstellar matter 9a latroicsammasy est 
- hard to explain microwave haze moh ese 

¢ Leptonic model: 2 


- electron population produced by outflow from ik 
Galactic center, or reaccelerated inside the z 
bubble Sa 


- First limits in TeV, hard spectrum is highly unlikely. 
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Ackermann et al. 


ApJ 2012 
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Diffuse contributions: 

- Cosmic-ray interactions 
¢ molecular clouds 
- interstellar gas 

- Inverse Compton 


- Unresolved sources 


Galactic Diffuse Emission 
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‘| HAWC ICRC 2017 
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Abramowski et al 2014 
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Ongoing work to model 
extended and multiple 
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Extragalactic: Active Galactic Nuclei 


Viewing down the jet 


“Quasar/Seyfert 1” 


* Majority (>1000) of 3FHL are associated with another galaxy thet 
- ~75 TeV AGNs 
ae | ESE 


! 
Black Hole * 


- flares > 
- extragalactic background light | 
¢ intergalactic magnetic field 
HAWC consistently detects and monitor Mrk 421 and Mrk 501, 
and presented upper limits to 132 sources selected from 3FHL Ce pane 
with z<0.3 [ICRC 2017]. 
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Image: Aurore Simonnet, Sonoma State Universit 


Joint monitoring with FACT 


example: Mrk 501 in April 2015 
HAWC transient monitoring «10 


; _- FACT HAWC 
¢ rapid flare monitor: 2min — 10hr zo 
¢ fast rising flux from known blazars. d _ | | | 
- daily maps: ~6hr oe | | - 
¢ flux in every point in all visible sky. : Te | — | 
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Transient Search: Gamma-Ray Bursts 
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Talk by S. Dichiara Tue, 17 Oct 
HAWC 


- triggered GRB search: 0.2s — 300s 
- external alerts, searching for temporal 
and spatial coincidence. 


¢ blind GRB-like search: 0.2s — 10s 
¢ search entire FOV for burst events. 


« ~4 seconds online analysis latency 
— issue fast GRB and transients alerts. 
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GRB 160821B 
- Z=0.16 
- MAGIC observed ~30 excess >500GeV 
- exposure up to 4hr after TO. 
- centroid offset from nominal GRB 


position. 
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Galactic Origin of lceCube Neutrinos? 


IceCube/HAWC, TeVPA 2017 
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LIGO Follow-up 


1 sec, 
time observable by LIGO-Virgo 


GW 151226: 

¢ 2015 Dec 26 03:38:53.6 UTC 
¢ z=0.09 +0.03 -0.04 

° 14.2Mo+ 7.5Mo 20.8Me 
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Best candidate 9.98s after LIGO trigger 
* post-trial p-value 0.08, consistent with background. 
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Outlook 


VERITAS — 


“ 
* 


- The gamma-ray sky is currently well-monitored with good survey coverage. 


¢ Many instruments from different waveband/messenger (X rays, gamma rays, neutrinos, 
gravitational waves) available for simultaneous observations. 


¢ Both wide-field and pointing instruments in development and coming online in the next decade. 
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